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Introduction
There is a substantial literature on the labour supply of nurses in Great Britain and elsewhere.
That research, which is summarised in the next section of this paper, uses standard labour supply techniques, albeit with varying degrees of sophistication, to obtain a measure of the elasticity of nurses' labour supply with respect to nurses' wages and other factors. Some of this research considers 'outside options' including non-participation and, in a few papers, the possibility of nurses engaging in non-nursing occupations. However the nature of these outside options and, in particular, the implications of spatial differences in the nature of the local labour market facing nurses, has received much less attention. Outside a few studies in the United States, there have been few attempts, for example, to link the literature that estimates nurses' labour supply elasticities to the parallel literature on the degree of monopsony power in public sector labour markets (including that of nurses) and thereby to examine the implications of local market structure for nurses' wages and for the measured elasticity of labour supply of nurses.
In this paper, we investigate the short run responsiveness of NHS nurses' labour supply to changes in the wages of NHS nurses relative to wages in outside options available to nurses ('short run' because we assume that in the medium term, nurses' labour supply can be increased by more training places, immigration and so on). Because nurses live and work in different local labour markets that vary in the range and attractiveness of alternative job opportunities relative to NHS nursing, there may be temporal and spatial variations in the responsiveness of nurses' labour supply to NHS nurses' wages, rather than a single 'elasticity of supply of nurses to NHS'. In particular, as we shall describe in more detail shortly, the model we consider implies that the elasticity of supply of nurses to the NHS in response to changes in the NHS nurses' wage will be higher where the range and attractiveness of outside opportunities is greater, and vice versa. This aspect of the 'outside option' has not been captured in previous applications of more traditional models of labour supply which implicitly assume that the market for nurses is a competitive market. 1 1 Conversely, the few studies of nurses' labour supply that consider the possibility of monopsonistic behaviour by employers implicitly assume that all employers of nurses have monopsonistic power.
To examine this issue, we not only compare the wages of NHS nurses to those employed as nurses outside the NHS but also exploit the panel data aspect of the Annual Survey of Hours and Earnings (ASHE) to track the employment patterns and wages of workers who have previously been employed as nurses. 2 One attraction of this strategy is that the 'outside option' is defined by the occupational choices of nurses rather than by arbitrary comparison groups. Secondly, we can demonstrate that, where the outside options available to NHS nurses are less attractive and, hence, the NHS is the dominant employer, the elasticity of nurses' labour supply to the NHS is lowconsistent with the NHS exerting a degree of monopsony power in the labour market. Conversely, where the outside options are more attractive (such as in London), we show both that a higher proportion of potential NHS nurses work outside the NHS and that the elasticity of supply of nurses to the NHS is correspondingly greater, corresponding to a more competitive market for nurses.
Our paper is structured as follows. Section 2 provides a brief literature review. Section 3 describes the NHS pay structure and provides a stylised model of NHS pay. Section 4 describes our data and presents some descriptive on pay relativities and the occupations of nurses across the regions. Section 5 details our empirical strategy and gives some provisional empirical results. Section 6 concludes.
Literature review

Estimates of nurses' labour supply elasticity
There is a significant academic literature on the nurses' labour market in the US, UK and elsewhere, focussing especially on the issue of labour supply. Much of it is surveyed by Shields (2004) and by Antonazzo, Scott, Skåtun and Elliott (2003) , and many articles not cited here can be referenced in those two papers. Most of this literature argues that the supply of nurses is relatively inelastic, although Phillips (1995) argues that, when incorporating currently inactive women who had been nurses in the past into the data set, the elasticity of participation of nurses in the labour force is considerably more elastic. In the UK context, and elsewhere in Europe and Australia, some of the literature conflates nurses working in the NHS (or equivalent public sector institutions in other countries) and nursing employment as a whole.
It should be emphasised that the elasticity of supply to the workforce, to the occupation, and to a particular employer are not the same thing. Hence the measured supply responses in these papers may be describing one of three different potential elasticities: the wage elasticity of supply of 2 A similar strategy, but using the Labour Force Survey, which has a considerably smaller sample size, is used by Elliott et al (2007) for a slightly different purpose. We discuss this paper in the next section. Likewise, Disney and Gosling (2008) suggest using ASHE data in similar fashion in order to examine public-private pay differentials.
workers to the labour force who are trained (or report that they are) nurses; the elasticity of supply of workers to a given occupation (nursing) relative to other occupations in which they could be employed; or the elasticity of supply of nurses within nursing to a public employer such as the NHS or even to a specific NHS Trust. Moreover, where the literature does distinguish between supply elasticities of nurses in general and of nurses to the NHS, the data typically rely on self-reported definitions of public versus private status of nurses (as in the Labour Force Survey, LFS).
In a sophisticated but traditionally-grounded labour supply model, Di Tommaso, Strøm and Saether (2009) match a sub-set of registered nurses in Norway to their public sector employer to estimate the elasticity of nurses' labour supply to various 'packages' of hours, shifts and hospital types. The employment of nurses in occupations other than nursing is not considered in that paper.
However, Hanel, Kalb and Scott (2014) have recently adopted a somewhat similar approach using the Australian HILDA household panel, in which one of the choice options is working in an occupation other than nursing, although sample sizes, particularly of transitions between nursing and other occupations, are rather small. The authors estimate a generic predicted wage in a nonnursing occupation for each observed individual as an argument in the choice model. They show that the elasticity of supply of nurses' hours to nurses wages conditional on working as a nurse is significantly lower than the unconditional elasticity once transitions between nursing and other occupations is considered (ibid, p.105). However, they do not discuss at any great length what nurses do if they are not nurses, or the nature of the local labour market.
In the paper closest in spirit to the present paper, Elliott et al (2007) consider the spatial differentiation of the market for nurses in Britain. They argue, as in the present paper, that nurses have an 'outside option' of working in alternative occupations which vary in attractivenessprimarily in expected wages -across localities. Using the LFS, they are able to identify occupations which employ individuals with nursing qualifications. They then estimate a predicted wage for nursing in each locality (presumably using self-reported 'public sector status' at some point in the analysis to identify a nurse employed by the NHS relative to a nurse employed as a nurse outside the NHS) and construct an unweighted predicted wage for all occupations in which individuals with nursing qualifications are employed. 3 These predicted wages are termed 'standardised spatial wage differentials' (SSWDs) for nurses relative to 'outside options'. They argue that the relative attractiveness of nursing in any locality rests on the difference between these two predicted wages.
3 It would seem more natural to weight these occupations by the proportion of erstwhile nurses observed in them in predicting the 'outside' wage; however in some specifications the authors exclude occupations with very small proportions of nurses working in them. Note that numbers in the 'outside' sample are boosted by estimating the wage equation over all individuals in the occupations and not just those with nursing qualifications.
They then regress the three-month vacancy rate for NHS nurses on the predicted differences and show that the vacancy rate for nurses is higher (lower) when the predicted outside SSWD is higher (lower) than the predicted nurses' SSWD. This result accords with the view that it is harder to recruit nurses when the outside occupation is more attractive.
One could quibble with some of these findings, 4 (and in any event it is no longer possible to obtain vacancy data for NHS nurses). Nevertheless, this study represents the point of departure for our analysis, insofar as it is the nature of the NHS market for nurses relative to the local labour market that is central to our hypothesis. Our own methodology allows us to make an inference that is not established by Elliott et al (2007) : where the attractiveness of the 'outside option' is relatively weaker, the dominance of the NHS as the employer becomes more pronounced, and where the 'outside option' is comparatively stronger, that power is weakened. This has the implication that there is no single supply elasticity of nurses to the NHS, but potentially different supply elasticities for each local market depending on the outside opportunities available and hence the effective degree of dominance of the NHS as an employer of nurses. Our analysis is compatible with, for example, a search model where, in some spatial markets, one dominant employer has a degree of market power in setting wages across that market (Burdett, 2012) .
Local labour markets and market power
There is other evidence that a monopsony model, where the employer has power in setting wages subject to an exogenous supply curve of labour to the enterprise, is a plausible model of the nurses' labour market. Hence, in this context we have to measure the elasticity of supply to a given employer (or averaged across several employers) rather than an elasticity of supply to an occupation or to the workforce. Sullivan (1980) examines alternative models of wage determination using US hospital data, where nurses' case loads ('demand') are assumed to be exogenous across observations. The central estimate of the elasticity of nurses' labour supply to the hospital in the short run is 1.3, and closer to 4 in the long run. This leads Sullivan to infer that, at least in the short run, hospitals exert monopsony power towards nurses. Although the computed elasticities are relatively high by the standards of monopsony models, they are well below the magnitudes that might be expected in a fully-competitive labour market (Manning, 2005) . Sullivan also provides a useful summary of earlier studies of monopsony power in the supply of nurses. Hirsch and Schumacher (1995) criticise the findings of Sullivan (and, implicitly, earlier studies),
arguing that a monopsony model would predict different degrees of employer power across varying 4 In addition to the weighting issue discussed in the previous footnote, the self-reporting of public sector status, the relative lack of variation in the predicted SSWD ratios across many localities, and the imprecision of the vacancy rate data (noted by successive NHS Pay Review Bodies) might all warrant further attention. degrees of geographically concentrated labour markets. Based on US panel data, they find no such evidence. This critique is itself, however, open to question where there is evidence of employer collusion even in markets where there are several employers of nurses (e.g. metropolitan areas with several large hospitals). Both Sullivan, and Fogel and Lewin (1974) , give qualitative evidence that such collusion exists in the market for nurses. However, the argument by Hirsch and Schumacher that market power (if any) is likely to vary across localities is convincing and central to the argument of the present paper.
In Staiger, Spetz and Phibbs (1999, published in 2010) a monopsonistic setting is again assumed in the market for nurses. The analysis focuses on the decision of Veterans' Hospital (VA) administrators in the United States to depart from the collectively-agreed national wage structure for nurses by engaging in independent wage-setting based on local labour force conditions. The exogenous change in wages for VA relative to non-VA nurses could then be interpreted as shifting the budget constraint for a sub-set of nurses with the supply elasticity then identified off both the response of nurses' labour supply to the higher wage in VA hospitals, and, of course, the impact on nurses in non-VA hospitals. Staiger, Spetz and Phibbs concluded that this elasticity, as estimated from this 'treatment', lay between 0 and 0.2. This is at the lower end of the various estimates in the meta-analysis of labour supply elasticities of nurses in Shields (2004) but it should be borne in mind that this elasticity has a very different interpretation from the traditional approach to labour supply in the literature on nurses. There are several other 'tests' of monopsony for other public sector occupations in the 2010 special issue of the Journal of Labor Economics in which the Staiger et al paper is published, most of which find considerably higher elasticities of labour supply than their estimate, but well below the elasticities that might be expected to apply in competitive markets.
Pay of NHS nurses
Institutional features
The disparity in public-private pay relativities for nurses across England and Wales demonstrated shortly arises because pay in the NHS is broadly set at a national level via a national review process administered by the NHS Pay Review Body. Since 2004-05, national pay rates for nurses and many other professional groups in the NHS have been determined by the Agenda for Change (AfC) pay structure. Agenda for Change is essentially a national job-evaluated pay structure that awards a national 'rate for the job' for each occupational category in the NHS. The nominally independent NHS Pay Review Body is then tasked with making recommendations as to changes in these national scale rates over time in response to macroeconomic conditions and in the light of representations from employers, employees and the government of the day. In contrast private sector pay in comparable occupations and even some parts of the public sector (such as local public administration) exhibit greater local pay variation.
One implication of the rigidity of the NHS national pay structure has been noted by Propper and van Reenen (2010) , who argue that differences in local 'outside options' for NHS nurses affect the quality of nurses that can be recruited and hence the quality of nursing in particular localities. There is, however, some scope for adjustment of nurses' pay in the NHS in response to local conditions. First, where local living costs are high (such as housing costs) and demonstrably cause difficulties in the retention and recruitment of NHS staff, the Agenda for Change pay structure allows for workers covered by the AfC agreement in these locations to receive nationally-approved High Cost Area Supplements (HCAS) to their pay. Although these supplements are designed in principle to reflect differences in local area living costs, assuming that competitively-determined pay is likely to reflect these area costs explicitly, they will also reflect local pay differences. A second form of flexibility is that NHS Trusts are permitted to pay local Recruitment and Retention Premia (RRP) for hard-to-fill occupations, although this facility does not appear to be used a great deal given that such premia have to be paid to all employees in that occupation within the NHS Trust and not simply applied to specific hard-to-fill vacancies.
Third, budgetary allocations to NHS Trusts from central government contain an explicit Market
Forces Factor (MFF) adjustment which is designed, in part, to reflect local variations in pay of non-AfC staff. These budgetary adjustments are quite separate from AfC-based High Cost Area Supplements and are supposedly independent of AfC pay. However there is some evidence (NHS PRB, 2012, Table F5 ) that AfC staff receive higher base pay in areas where MFF payments are higher independently of receipt of HCAS payments. 5 This may be for two reasons: first, 'grade drift'
whereby employees tend to be assigned to higher grades by the local AfC job evaluation process in areas with more attractive outside options, and secondly 'incremental drift', by which, within given grades, employees may be distributed on higher points of the grade scale where recruitment and retention pressures are more keenly felt. The implication of this 'pay drift' is that High Cost Area supplements alone do not fully reflect outside pay differences. Finally, NHS Trusts that have achieved Foundation status and that have thereby been given greater local autonomy also have the flexibility to vary pay scales from the national AfC structure. So far, with one exception, 'Foundation Trusts' have conspicuously not done so, at least in relation to nurses. 6 5 For further discussion of MFF, see Elliott et al (2010) and NHS PRB (2012) 6 The Foundation Trust that departed from AfC actually reverted to the pay scale rates that existed prior to AfC. A proposal from a consortium of NHS trusts in south west England (where outside pay rates are considerable less) attempted without success to negotiate lower pay scales. The main departure of NHS Notwithstanding this scope for local pay variation in the NHS, we shall demonstrate that these variations are not sufficient to compensate for the variation in 'outside' wages. Whether local pay variation in the NHS should be enhanced is discussed at some length in a comprehensive analysis of the issue of local 'market-facing pay' by the Department of Health (2012) and, subsequent to this analysis, by the NHS Pay Review Body itself which issued a report considering at some length the case for and against greater local pay variation for NHS employees (NHS PRB, 2012).
Summing up these points, at present, despite greater management autonomy given to NHS Foundation Trusts, It is not unreasonable to characterise large parts of the NHS nurses' labour market as a market in which the Department of Health (as ultimate paymaster) acts as a 'discriminating monopsonist', using labour market power as a means of standardising pay across the nursing profession as a whole in the face of differential local pay pressures. Indeed the NHS Employers' federation, which represents the management of the various individual NHS institutions, has publicly expressed its opposition to the use of local pay variation such as RRPs within AfC as a means of dealing with recruitment and retention problems because it 'destabilises the internal NHS market and possibly leads to pay spirals' (evidence cited in NHS PRB, 2009, p.28) . This is the classic statement of the employer's case for control of wages, since of course 'instability' of inside pay in response to variations in outside wage pressures is characteristic of a competitive labour market. Of course, the constraint on such a strategy is that holding down pay in the face of competitive pressures in local labour markets is only feasible by reducing employment along the supply curve, and this consequent reduction in employment in turn depends on the elasticity of labour supply.
All this has some bearing on the notion of 'shortages of nurses' that is extensively discussed in the existing labour supply literature. In particular, as we shall demonstrate, the competitive nature of the London labour market for nurses suggests that reducing the pay of NHS nurses could potentially induce a sharp reduction in the effective supply of NHS nurses in that area. In other regions of the country, however, the short term reduction in the supply of nurses to the NHS from such a policy would be muted.
A stylised model of NHS pay-setting for nurses
A particular public sector employer of nurses -such as a NHS Trust or indeed the NHS as a whole, faces a set of constraints. The first is an overall budget constraint set by the relevant public authority -here, the Department of Health. Within this budget constraint it is broadly free to choose its mix of inputs. Second, it faces a set of local outside employment opportunities and wage rates in Foundation Trusts from national pay scale rates has occurred at the senior management level, where rates are not covered by the AfC agreement. alternative occupations for potential nurses which are not under its control. 7 Third, it faces a supply curve which reflects the willingness of qualified nurses to work in the public institution given these outside opportunities.
The nature of this supply curve is at the heart of this paper. For our stylised illustration, we assume that there is a common supply curve of nurses across all localities (it is straightforward to think of this function shifting in relation to differential local amenities or to a different skill mix in the available supply of nurses). However, we do not assume that this supply curve is of constant elasticity, because the elasticity depends on the nature of the local labour market and the dominance or otherwise of the public sector employer as a potential employer of nurses.
Consider therefore two spatial labour markets, which we term 'the North East' and 'London'. In the 'North East', the ratio of the nationally set wage to the local outside option is relatively high.
Most potential NHS nurses choose to work in the NHS and, the employers have de facto monopsony power. Labour supply is highly inelastic in the short run, since almost the whole available stock of nurses is employed in the NHS. The NHS could indeed exert downward pressure on wages with only a slight resultant fall in employment; conversely an outward expansion of spending on the NHS would induce only a slight increase in nurses' employment in the short run, unless there was substantial migration between labour markets. In contrast, consider the market labelled 'London'.
The relative wage is much lower and a much smaller fraction of potential NHS nurses choose to work in the NHS. This implies that the elasticity of supply of nurses in response to changes in the NHS wage rate is much greater and the monopsony power of the NHS wholly limited. Cutting budgets and pay simply induces nurses to exit (and to exit in significant numbers), however an additional supply of nurses would be forthcoming were pay to be raised by the use of recruitment premia, 'London weighting' or other financial incentives to attract potential NHS nurses into the NHS. 8
Define the nationally-set wage of nurses in the NHS as w n , and the 'outside option' , which is the wage available to nurses if they choose an occupation outside the NHS, either as a private sector nurse or in some other occupation, as w*. Making the assumption that the supply curve is identical across regions and ranking regions by the ratio (w n /w*), the sub-markets can be illustrated as in Figure 1 . 7 We abstract from any 'spillover' effect on local pay rates in outside employment of pay rates in the NHS for nurses. It is likely that such spillovers will occur for local nurses' pay in non-NHS employment. However, as we shall demonstrate (see also Elliott et al, 2007) , NHS nurses choose a wider range of occupations when not in the NHS than simply nursing. 8 The evidence in Department of Health (2012) In Elliott et al (2007) , the inflexibility of the NHS wage relative to outside options is reflected in the unfilled vacancy rate, and therefore in the possibility of local 'shortages' of nurses. In our stylised model, there is a presumption that the NHS employer has some flexibility such as to optimise its employment given the effect elasticity of supply in the local sub-market. The first is to vary the mix of workers, using fewer nurses where they are harder to attract, relative to other inputs such as nursing auxiliaries, doctors and non-medical staff. The second is to vary the NHS wage to some extent by whatever discretion is available (RPPS, 'grade drift' etc). Note however that this strategy is only effective where the supply elasticity is relatively large, as in 'London' because in the markets where the NHS employer dominates the market for nurses, a large increase in pay would be necessary to induce any increase in supply -hence it is better in such markets to operate with fewer nurses, a greater number of unfilled positions, and so on. 
Descriptives
The key variables of interest for estimating the short run labour supply elasticity of NHS nurses are employment of nurses in the NHS, the wages of NHS nurses and the current wages of potential NHS nurses in their alternative occupation (and thus, the relative wage of NHS nurses).
While the number of the ASHE sample members employed as nurses in the NHS is clearly observed, the implications of this for the absolute numbers in such employment in Great Britain is dependent on the sampling size and response rate of ASHE, which varies over time. 11 To take this into account, 9 A somewhat similar methodology would be to use a cohort of individuals who trained as nurses, and then follow their occupational choices as wages varied between NHS nursing and other employment. We do not have these data; moreover the comparators may then contain trained nurses who chose never to be nurses or who left the labour market completely; i.e. whose commitment to nursing is potentially relatively limited. An individual has to have been a nurse at some point in their career in order to enter our sample. 10 Individuals may be reported as having zero earnings if, for example, they are absent from work due to maternity leave and are not entitled to a wage from their employer during that period. 11 In particular, due to cost saving measures, the sample size of ASHE was reduced by 20% in 2007-08 and 2008-09. instead of focusing on absolute numbers in employment, we focus on variations in the proportion of potential NHS nurses that are actually employed as such. 12 We consider two different levels of disaggregation at which the employment of nurses and the relative wage is measured: the 'regional' level, where Great Britain is divided up into Scotland, Wales, and the standard nine Government Office Regions of England; and the 'travel to work area'
(TTWA) level, where England, Scotland and Wales is divided up into 234 areas based on patterns of commuting for employment. 13 The advantage of a less disaggregated level is that it less restrictive in terms of the scope of the labour market across which potential NHS nurses are defined. The advantage of the more disaggregated model (in addition to boosting sample sizes and therefore the accuracy of the measured coefficients) is that it perhaps better captures local labour market conditions, and it allows the supply function of NHS nurses to contain regional fixed effects without then solely relying on the interaction of time and region for the identification of the labour supply response. where there are fewer trained nurses working in occupations other than nursing, and a particularly small proportion of potentials working as nurses in the private sector. The proportions of potential NHS nurses working as NHS nurses in these regions is about 7 or 8 percentage points higher than in London, the South East, the East and the East Midlands. However it should be noted that London is not the region with the lowest share of NHS nurses suggesting that there are other factors at work, such as the availability of alternative jobs in nursing (for example in private residential care) and in 12 An alternative approach would be to use absolute numbers employed as NHS nurses, and weight the individuals in the sample in order to account for the sampling design and to calibrate the sample to the UK population. However, the ASHE documentation explicitly advises against attempting to gross up the employment figures reported in ASHE. 13 The ONS website contains maps of UK regions (http://www.ons.gov.uk/ons/guidemethod/geography/beginner-s-guide/maps/regions--former-government-office-regions--as-at-january-2012.pdf) and UK TTWAs (http://www.ons.gov.uk/ons/guide-method/geography/beginner-sguide/maps/travel-to-work-areas-2001.pdf). The travel to work areas are constructed by the ONS using census data for commuting, based on the different locations of individual's home and work addresses. The fundamental criterion of a TTWA is that of the resident economically active population, at least 75% actually work in the area, and also, that of everyone working in the area, at least 75% actually live in the area. other occupations. We will capture these variations in employment composition using local fixed effects. Figure 3 describes the occupations of those classed as potential NHS nurses who are not currently working in the NHS in the most recent year of ASHE data . Nearly half (42%) are working as "Health and social welfare associate professionals" (see panel A of Figure 3 ). This category includes nurses in the private sector, which alone accounts for 32% of potential NHS nurses not currently working in the NHS. Restricting the pool of potential NHS nurses to those who are not currently working in the public sector, 59% of these individuals are employed as nurses (61% are working as "Health and social welfare associate professionals" more generally), as shown in panel B
of Figure 3 . 14 14 We have also investigated whether the occupations of potential NHS nurses who are not currently working as NHS nurses are different in London compared to the rest of Great Britain. Pooling ASHE data from 2002 to 2011, we find that the only real difference is that London has a slightly larger proportion of potential NHS nurses employed as 'health and social welfare associate professionals' (55.5% as opposed to 45.2%, with 43.6% employed as private sector nurses compared to 36.3%) and a slightly smaller proportion are employed in 'caring and personal service occupations' (15% as opposed to 24%). There is little difference between London and the rest of Great Britain in terms of the proportions of potential NHS nurses employed in the other main occupations separated out in Figure 3 . As a final descriptive that lends support to our spatial identification strategy, Figure 4 describes the ratio of mean hourly pay of NHS nurses by region to the mean hourly pay of NHS nurses and other potential NHS nurses across Great Britain. Also shown is the ratio of mean hourly pay of potential NHS nurses not currently working in the NHS by region to the mean hourly pay of potential NHS nurses across Great Britain. The pay of potential NHS nurses not currently working in the NHS is on average slightly below the pay of those nurses who are working in the NHS. But this difference varies considerably across the country. Average pay of nurses in the NHS varies little across the country -as would be expected given the national pay strategy -with the exception of London, where pay is subject to a London weighting. By contrast, the average hourly pay of potential NHS nurses who are not working in the NHS varies much more across the country (as does the average hourly pay of potential NHS nurses who currently work in the private sector). Across all regions of Great Britain aside from London average hourly pay of potential NHS nurses is below that of current NHS nurses, whereas in the capital it is higher. Note: Pooled ASHE data 1997 -98 to 2011 . Sample sizes range from 397 (potential NHS nurses currently employed in the private sector in the North East) to 7,106 (NHS nurses employed in Scotland). The mean hourly pay of all NHS nurses and potential nurses across Great Britain is £13.00.
Figure 2: Proportion of 'potential NHS nurses' currently working as NHS nurses, other nurses or in another occupation, by region
Figure 4: Mean pay of NHS nurses and other potential NHS nurses, by region
That the average hourly wage of potential NHS nurses not working in the NHS is lower than that of nurses who are working in the NHS is potentially surprising, as it begs the question why so many trained nurses would take lower paying jobs, particularly in the private sector. One potential explanation for this is suggested by Figure 5 , which shows an equivalent picture to that of Figure 4 but for usual hours worked. Across all regions of Great Britain (including London) the average hours worked by potential NHS nurses not working in the NHS is lower than the average hours worked by NHS nurses, suggesting that on average those who leave nursing (or NHS nursing in particular) might do so for a more part-time position, which are often associated with lower hourly earnings. This finding is compatible work such as Di Tommaso, Strøm and Saether (2007) , who suggest that nurses and potential nurses choose among alternative pay-hours-amenities packages. 
Figure 5: Mean usual hours of NHS nurses and other potential NHS nurses, by region
Note: Pooled ASHE data 1997-98 to 2011-12 (inclusive). Sample sizes range from 397 (potential NHS nurses currently employed in the private sector in the North East) to 7,106 (NHS nurses employed in Scotland). The mean usual weekly hours of all NHS nurses and potential nurses across Great Britain is 32.3.
Statistical analysis of nurses' labour supply
Estimation method
We estimate the elasticity of NHS nurses' labour supply by exploiting temporal and spatial wage differentials. For the purposes of identification, we assume that nurses in all regions (or TTWAs) are on an identical supply curve. This does not require the assumption of a constant elasticity across regions -as illustrated in Figure 1 and described in the adjoining text, we would hypothesise that, in general, the short run supply elasticity of nurses to the NHS is lower (higher) the greater (smaller) the ratio of NHS nurses' wages to the average outside option. For this identification assumption not to be valid, it would have to be the case that the supply response to wage differences differed across localities -we have no reason for believing this to be the case. 15 We assume that outside wages are exogenously determined. This implies, in particular, that the wage set for nurses does not 'spill over' -whether positively or negatively -to pay in the rest of 15 In fact our assumption is slightly less restrictive, insofar as we include regional fixed effects, which would allow the supply curve to shift between regions. Of course our method allows for supply responses that vary according to the relative wage -this is how we derive our elasticities. the local labour market. In a monopsonistic setting of the labour market for NHS nurses, where the NHS nurses' wage is set nationally, the wage relativity in any sub-market then determines the feasible level of employment along the supply curve and the budget constraint must be set accordingly. Alternatively, where the NHS employer has some discretion to set the NHS nurses' wage locally (e.g. through a recruitment premium), the NHS budget constraint will thereby determine both the wage relativity and the level of employment. Either way, we effectively identify the supply curve off the exogenous component of the wage ratio of local NHS nurses' wages to the outside or potential wage offer. Contrast this with a competitive market where the NHS employer has limited scope to set the nurses' wage exogenously, and where the supply of nurses will be highly responsive to outside forces.
Given these assumptions our approach can be parameterised by the general equation:
Where w N is the average wage of NHS nurses in locality R, w 0 is the average wage of individuals who have worked as NHS nurses but are currently working in alternative employment so ('potential' NHS nurses), , is a vector of controls, which includes some combination of year dummies, regional dummies, and average age and sex of potential NHS nurses in the local area, depending on the exact specification of the statistical model. 16 Given that there is likely some delay between changes in wages and individuals' labour market response we use the relative wage lagged by one year rather than the contemporaneous relative wage. (This also has the attraction of reducing concerns about endogeneity, which could arise if the wage of NHS nurses is set with the intention of achieving a certain level of employment.) Linear regression methods are used, with the observations weighted to account for the size of the local area (in terms of the number of actual and potential NHS nurses). 17
The interpretation of the coefficient β in equation [1] is that a 1% increase in the lagged relative wage of NHS nurses in a locality results in a β/100 unit increase in the ratio of NHS nurses to potential NHS nurses. The advantage of formulating the equation in this way, rather than having the dependent variable expressed in logarithms and the coefficient interpreted directly as an elasticity, is that it imposes a structure whereby the change in the lagged relative wage has a constant percentage point effect on the labour supply ratio across regions and time rather than a constant elasticity. A constant elasticity would have the somewhat counterintuitive implication that a 1% increase in the lagged relative wage of NHS nurses would result in a larger increase in the proportion of potential NHS nurses employed in the NHS in a region that already had a high proportion employed than in a region where there was a large supply of potential NHS nurses not currently working in the NHS. Table 1 . When the model is estimated at the regional level, there is no significant effect (either statistically or economically) of relative wages on labour supply once regional dummies have been included (model C). This implies that there is not enough variation over time and across regions to be able to identify any effect in model (C), and that much of the effect apparently identified in models (A) and (B) is actually arising from fixed differences across regions. A significant advantage of the TTWA model is therefore that spatial fixed effects (at the regional level) can be controlled for, while preserving sufficient variation across area (both within and between regions) and time to be able to identify a significant effect of relative wages on NHS nurse employment.
Relationship between labour supply and relative wages
Estimation at the TTWA level, but without regional controls, results in much smaller estimates of the effect of changes in the relative wage on the employment of NHS nurses than the central estimates from the equivalent models (A and B) estimated at the regional level. Our preferred specification is at the TTWA and includes regional dummies (model C). The coefficient in this case (column 4, row 3) is 0.039, indicating that a 10% increase in the relative wage of NHS nurses results in a 0.39 percentage point increase in the proportion of potential NHS nurses actually employed as such.
The right hand panel of Table 1 displays the estimation results when the sample of potential NHS nurses who are not currently employed as NHS nurses comprises only individuals who currently work in the private sector. In many circumstances this could be considered the comparator group of choice, since increasing the supply of NHS nurses by reducing the supply of other NHS workers (or other public sector workers in general) could be argued to be simply shifting rather than solving the labour supply problems of the NHS (or perhaps the wider public sector). Restricting the set of available potential NHS workers in this way is not found to affect materially the size of the estimated effect of relative wages on labour supply to the NHS. Notes: Standard errors in parenthesis are clustered at the regional level or the travel to work area level. ***, ** and * indicate statistical significance at the 1%, 5% and 10% respectively. For "All potential NHS nurses" sample sizes N=154 (140) for the regional level regressions (excluding London) and N=2,102 (2,088) for the TTWA level regressions (excluding London). For "potential NHS nurses from private sector" sample sizes N=154 (140) for the regional level regressions and N=1,955 (1,941) for the TTWA level regressions.
We therefore focus on the specification C_p, in which the elasticity is estimated at the TTWA Table 2 : the interaction with London was statistically significant in all cases, but the interaction with either definition of 'outer London' was not. This suggests that while the labour supply elasticity in London is different to that of the rest of Great Britain, the elasticity in either the TTWAs or regions that border London is not. The estimated coefficients and implied elasticities for Scotland, Wales and the regions of England (from model C_p_1) are summarised in Table 3 . The effect on employment of an increase in the relative wage of NHS nurses is estimated to be much greater in London than across the rest of Great Britain: a 10% increase in relative wages would, according to our estimates, lead to a 5.0 percentage point increase in the percentage of potential NHS nurses currently employed as NHS nurses in London which is nearly ten times larger than the estimated response elsewhere in Great Britain of just 0.48 percentage points. The implied short run labour supply elasticity in London is therefore 0.68, compared to just 0.06 to 0.07 across the rest of the country. 
Conclusions and Policy Implications
Recent research suggests that, given demographic change and the trends in the prevalence of different diseases, demands on the NHS are set to increase considerably in the near future (see for example, Roberts, Marshall and Charlesworth (2012) ). This increase in demand for NHS services is likely to result in a significant increase in demand for nurses in the NHS, which increases the importance that the Government gives serious consideration to how it might encourage the employment and retention of quality nurses in the NHS at the lowest cost to the taxpayer. At the same time, the Government is anxious to ensure that the NHS workforce is used productively and efficiently, and that the labour market for NHS nurses more fully reflects local conditions and variations in outside opportunities for nurses. Arguably this becomes even more important given that the tight envelope for NHS funding is likely to continue for the foreseeable future (Crawford and Emmerson, 2012) .
Boosting the number of NHS nurses by increasing nationally negotiated NHS nurses' pay rates should increase the short run numbers seeking employment as NHS nurses, unless labour supply is completely inelastic, and indeed the labour supply elasticities estimated here do indeed imply that higher NHS wages would attract more potential NHS nurses to work in the NHS. But across most of Great Britain this effect, at least in the short run, would be extremely small. Our central estimate is that across most areas of Great Britain the labour supply elasticity of NHS nurses is just 0.06 to 0.07. This means that a 10% boost to the relative pay of NHS nurses would most likely increase the numbers employed as an NHS nurse in the short run by less than 1%.
A different picture exists for London. We find that, even in the short run, the number of NHS nurses in London is quite responsive to pay levels (in sharp contrast to the rest of Great Britain): we estimate that the short-run labour supply elasticity for NHS nurses in London is around 0.7implying that, for example, a 7% increase in nurse numbers could be expected to be achieved in year through a boost to the relative pay of NHS nurses of about 10%. While a nationwide increase in wages of this magnitude would achieve this increase in employment in London it would seem more sensible to target the pay increases solely towards those working in the capital, which could be done through enhancing the existing high cost area supplements or local recruitment and retention premia. Of course whether this is the most cost-effective way of boosting the number of NHS nurses in the capital is another matter, as there may be other potentially more cost effective ways of boosting employment than increasing pay, such as greater flexibility over hours of work, measures to reduce the difficulty and stress of the job, and improvements to the way individuals are managed -for example with regards to their potential career progression.
A natural extension of our model is to attempt to incorporate currently inactive ex-NHS nurses into the estimation procedure. It should however be noted that the object of the present paper is not to produce an estimate of the potential supply of NHS nurses in the short run, but to show how differential labour market conditions across localities impact on the elasticity of supply of NHS nurses. The decision of a potential nurse not to work is likely to be related to life choices such as withdrawal from the labour market to bring up children rather than wage relativities per se. Hence we would not expect the inclusion of inactive NHS nurses, in terms of the labour market, to affect our key parameter values.
Finally, it should also be reiterated that a long run perspective on nurses' labour supply might be different. While the estimates in this paper suggest that the short run elasticity of nurses' labour supply is extremely small across most of Great Britain, it is quite possible that a sustained increase in the relative wage would increase supply in the long run, either by attracting more potential NHS nurses to the NHS, increasing the retention of NHS workers (i.e. reducing the number of NHS nurses who leave in the first place), increasing the number or quality of individuals who want to train to become nurses or boosting the numbers who come to the UK to work as a nurse in the NHS. But in circumstances where the government controls the number of training places in nursing, the government has weapons in its armoury both to increase the stock of nurses overall as well as the fraction of those that wish to work in the NHS.
